Purpose: To evaluate the effects of hemodialysis (HD) on corneal and anterior chamber morphometry, as well as intraocular pressure (IOP) in patients with end-stage renal disease. Methods: Fifty right eyes were examined 30 minutes before and after HD. IOP was measured with a Goldmann applanation tonometer, and Ehlers' formula was used to calculate the corrected IOP values. The central corneal thickness (CCT), corneal volume (CV), keratometric values, anterior chamber depth (ACD), aqueous depth (AQD), anterior chamber volume (ACV), and anterior chamber angle (ACA) in the nasal and temporal quadrants were measured with a Sirius anterior segment analysis system. Blood urea nitrogen levels, body mass, and systolic and diastolic arterial pressure were also measured before and after HD. de 18,06 ± 3,91 e 18,31 ± 4,83 mmHg para 16,94 ± 3,87 e 16,95 ± 4,74 mmHg após hemodiálise (p=0,011 e p=0,003, respectivamente). A espessura corneana central média diminuiu de 536,38 ± 24,73 para 533,18 ± 27,25 μm (p=0,002), e o volume corneano médio diminuiu de 57,52 ± 3,15 para 55,68 ± 3,55 mm³ (p<0,001) eye, corneal and conjunctival epithelial erosions, perilimbal calcium deposits, band keratopathy, intraocular pressure (IOP) fluctuations, posterior subcapsular cataract, ischemic optic neuropathy, choroidal perfusion delay, corneal endothelium alterations, and thickness changes in the central cornea, retinal nerve fiber layer, and choroid (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Among the various studies investigating the relationships between ocular alterations and HD, IOP is the most commonly investigated parameter, and conflicting results have been reported (16) . This
INTRODUCTION
Hemodialysis (HD) is the main treatment for end-stage renal disease (ESRD). However, acute and chronic complications can occur after HD, the most common of which are hypovolemia and sudden changes in hemodynamic parameters, which may cause organ dysfunctions (1) . Fluid dynamic changes after HD can also affect ocular tissues that receive a high volume of blood flow. There are many ocular disorders associated with HD, including refractive changes, dry
RESUMO Objetivo: Avaliar os efeitos da hemodiálise (HD) na morfometria da córnea e da câmara anterior e da pressão intraocular (PIO) em pacientes com doença renal terminal.

Métodos: Cinquenta olhos direitos foram examinados 30 minutos antes e após hemodiálise. A pressão intraocular foi medida com um tonômetro de aplanação de Goldmann, e a fórmula de Ehlers foi utilizada para calcular os valores de pressão in traocular corrigidos. Mediram-se a espessura corneana central (CCT), o volume corneano (CV), os valores ceratométricos, a profundidade da câmara anterior (ACD), a profundidade aquosa (AQD), o volume da câmara anterior (ACV) e o ângulo da câmara anterior (ACA) nos quadrantes nasais e temporais com um sistema de análise de segmento Sirius anterior. Os níveis de nitrogênio ureico no sangue (BUN), peso corporal e pressão arterial sistólica e diastólica também foram medidos antes e após a HD.
Resultados: A média de idade foi de 60,80 ± 13,38 (35-80) eye, corneal and conjunctival epithelial erosions, perilimbal calcium deposits, band keratopathy, intraocular pressure (IOP) fluctuations, posterior subcapsular cataract, ischemic optic neuropathy, choroidal perfusion delay, corneal endothelium alterations, and thickness changes in the central cornea, retinal nerve fiber layer, and choroid (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Among the various studies investigating the relationships between ocular alterations and HD, IOP is the most commonly investigated parameter, and conflicting results have been reported (16) . This
Effects of hemodialysis on corneal and anterior chamber morphometry and intraocular pressure in patients with end-stage renal disease conflicting data has been explained as being due to different sample sizes, HD type and duration, fluid dynamic changes, arterial blood pressure changes, IOP measurement times, and IOP measurement techniques (5, 16) . Although the Goldmann applanation tonometer is the gold standard in the measurement of IOP, it can be affected by central corneal thickness (CCT) (17) . Jung et al. (5) reported that IOP and CCT both tend to decrease after HD, and they also suggested that the decrease in IOP is caused by the decrease in CCT.
Apart from IOP, important ocular problems for HD patients include changes in ocular perfusion and the iridocorneal angle. Several epidemiological studies have revealed a strong correlation between glaucoma damage and low diastolic arterial pressure, which results in increased inadequate ocular perfusion pressure (OPP) (18, 19) . HD can change vascular resistance because of the rheological properties of the arteries, so this can change arterial pressure. Hu et al. (20) evaluated IOP and OPP during HD, and they reported increased IOP and decreased OPP during HD. However, Barbosa et al. (21) did not find significant changes in IOP or OPP during HD. They emphasized that some patients exhibit lower diastolic perfusion pressures, which could be a poor prognostic factor for patients with glaucoma. Moreover, in eyes with glaucoma, impaired aqueous outflow, or those that are predisposed to narrow angles, the possibility of acute IOP rise during HD could be much more frequent and or higher than in normal subjects (22, 23) . Anterior chamber depth (ACD) and axial length alterations after HD have also been reported; however, ACD was defined as the diameter between the corneal epithelium and the lens as measured by contact methods in these studies (24, 25) . Since CCT decreases after HD, it may be more reliable to evaluate the before and after HD values of ACD and IOP by eradicating CCT.
The Sirius anterior segment analysis system (Costruzione Strumenti Oftalmici, Florence, Italy) is a non-contact anterior segment tomography device. It provides anterior and posterior corneal topography, wavefront analysis, complete corneal pachymetry, and anterior chamber morphometry. Additionally, the device can correct IOP values using various formulas, such as Ehlers' formula, which eradicates the effect of CCT on IOP.
The aim of this study was to evaluate the short-term effects of HD on corneal and anterior chamber morphometry and IOP with the Sirius 3D Rotating Scheimpflug Camera topography system and the Goldmann applanation tonometer. In addition, we investigated the relationships between changes in ocular and systemic parameters.
METHODS
Design anD stuDy population
This cross-sectional study was conducted in compliance with institutional and government review board regulations, informed consent regulations, and the Declaration of Helsinki. Written infor med consent approved by the Yildirim Beyazit University Ethics Committee was obtained from all patients.
Fifty patients receiving HD treatment at the Ataturk Research and Training Hospital participated in this study. HD patients were randomly chosen from patients that had received dialysis therapy with bicarbonate dialysate for at least 3 months, three times a week, for 3-5 hours per session. All patients had arteriovenous fistulae and used a polysulfone hollow-fiber dialyzer (F8; Fresenius, Bad Homburg vor der Höhe, Germany). Only results from the right eyes of the patients were included in this study. All patients underwent visual acuity measurements with a Snellen chart, slit-lamp biomicroscopic examination, undilated fundoscopy, and IOP measurement with a Goldmann applanation tonometer.
The exclusion criteria were corneal pathologies, iridotomy, pseudoexfoliative material, cataracts resulting in media opacity and preventing undilated fundoscopy, IOP readings >22 mmHg, patients with glaucoma who had asymmetrically cupped optic discs with any neuroretinal rim abnormality such as peripapillary hemorrhage, notch, or focal thinning, prior ocular surgery, topical medication use 6 months prior to the study, ocular trauma, ocular inflammatory disease, or inability to cooperate with the study protocol.
examination protocol anD measurements
Before and 30 minutes after HD, all patients underwent a detailed ophthalmologic examination, which involved measuring the best-corrected visual acuity, slit-lamp biomicroscopy, and fundoscopy. Corneal and anterior chamber measurements were obtained using a Scheimpflug camera with a Placido disk topographer (Sirius; Costruzione Strumenti Oftalmici). CCT, corneal volume (CV), and the flattest, steepest, and maximum keratometric values were noted as the corneal morphometry parameters, and ACD, aqueous depth (AQD), anterior chamber volume (ACV), and anterior chamber angle (ACA) in the nasal and temporal quadrants were noted as the anterior chamber morphometry parameters. IOP was measured with a Goldmann applanation tonometer, and corrected IOP was calculated with Ehlers' formula, an automatic step performed by the Sirius device. Ehlers' formula [Corrected IOP=Uncorrected IOP-(CCT-520) × (5/70)] corrects IOP using CCT. The blood urea nitrogen (BUN) levels, body mass, and systolic and diastolic arterial pressure values were also measured and recorded immediately before and after HD.
Data analyses
Statistical analysis was performed with SPSS (version 18.0 for Windows; SPSS, Inc., Chicago, IL, USA). The normality of the data was analyzed with the Kolmogorov-Smirnov test. Descriptive statistics were presented as the mean ± standard deviation. Changes in the parameters measured before and after HD were evaluated with paired samples t-tests for normally distributed data and the Wilcoxon signed-rank test for non-normally distributed data. The mean change was calculated for all values, and correlation analysis was performed by Pearson correlation analysis for normally distributed data and Spearman's correlation analysis for non-normally distributed data. In this study, p<0.05 was considered statistically significant, and p<0.004 was considered significant for correlation tests after Bonferroni correction.
RESULTS
Demographic characteristics of the stuDy group
There were 18 (36%) female and 32 (64%) male patients, with a mean age of 60.80 ± 13.38 (range: 35-80) years. The predominant ESRD etiologies in the patients were diabetes mellitus (26/50, 52%), hypertension (16/50, 32%), and glomerulonephritis (8/50, 16%). The mean duration of HD treatment was 3.6 ± 2.7 (1-13) years.
effects of hD on systemic parameters
The mean changes in the BUN levels, body mass, and systolic and diastolic pressure after HD were -95.12 ± 34.98 mg/dl, -2.63 ± 0.66 kg, -19.60 ± 9.24 mmHg, and -10.40 ± 12.28 mmHg, respectively. All of these paramters decreased significantly after HD (p<0.001) ( Table 1) .
effects of hD on iop
The mean uncorrected and corrected IOP values decreased from 18.06 ± 3.91 and 18.31 ± 4.83 to 16.94 ± 3.87 and 16.95 ± 4.74 mmHg after HD, respectively. This decline was statistically significant, with a mean reduction of -1.12 ± 3.00 mmHg for the uncorrected IOP and -1.38 ± 3.02 mmHg for the corrected IOP (p=0.011 and p=0.003, respectively) (Table 2) (Figure 1 ).
effects of hD on corneal anD anterior chamber morphometry
The mean changes in CCT and CV were -3.26 ± 7.03 µm and -0.90 ± 1.23 mm 3 , respectively (p=0.002 and p<0.001, respectively) ( Table 2 ). The flattest, steepest, and maximum keratometric values were similar before and after HD (p=0.313, p=0.829, and p=0.119, respectively) ( Table 2 ). The mean values of the anterior chamber parameters before and after HD are summarized in table 2. As shown in the table, ACD, AQD, ACV, and ACA in the nasal and temporal quadrants were similar before and after HD (p>0.05 for all variables).
correlations between the changes in ocular anD systemic parameters
The changes in the uncorrected and corrected IOP and corneal and anterior chamber morphometry values were not significantly correlated with the changes in the systemic hemodynamic parameters (p>0.004) ( Table 3) .
DISCUSSION
In this study, we investigated the short-term effects of HD on corneal and anterior chamber morphometry and IOP, as well as the relationships between changes in ocular and systemic parameters in patients with ESRD. Uncorrected and corrected IOP, CCT, and CV values significantly decreased after HD, whereas anterior chamber morphometry values did not significantly change. No significant corre lations were found between the changes in the ocular and systemic parameters.
Many conflicting results concerning the effects of HD on IOP values have been reported. In a review published in 2005, studies in this field were discussed in three main groups: those showing an increase, those showing a decrease, and those showing no significant change in IOP (16) . Recent studies have noted that IOP values either do not change or decrease after HD, and these studies explained these results as being due to improved HD techniques (5, 8, 25, 26) . A few studies reported significant decreases in IOP and CCT values, and suggested that total body fluid loss and increased plasma colloid osmotic pressure after HD cause an efflux of water from the eye to the plasma, resulting in a decrease in the CCT and IOP values (5, 8) . Jung et al. (5) reported a correlation between the changes in IOP and those of body mass, whereas Dinc et al. (8) did not find this correlation. In the present study, the mean uncorrected IOP decreased significantly after HD, with a mean reduction of -1.12 ± 3.00 mmHg. Similar to Dinc et al. 's study, no correlations were found between IOP changes and systemic changes. Two of the studies reported a positive correlation between the change in CCT and total body fluid loss (5, 8) . In the present study, CCT and CV decreased significantly after HD, but these changes were not correlated with any systemic changes including body fluid loss. In terms of the relationship between IOP and CCT, Jung et al. (5) found a positive correlation between IOP and CCT changes, whereas Dinc et al. (8) did not find such a relationship. In the present study, we did not evaluate the correlation between IOP and CCT; however, we investigated the effect of CCT on IOP using Ehlers' formula, and corrected the IOP values according to CCT. The corrected IOP values also decreased after HD, meaning the IOP values decreased separately from the corneal thickness. However, the data did not reveal any factors that were related to the decrease in IOP after HD.
Several studies have attempted to characterize the effects of postural changes and water intake on IOP (27) (28) (29) (30) (31) (32) . The postural change test and the water-drinking test are two classic provocative tests used to change IOP. Research shows that IOP is lower in the sitting position than in the supine position (27) (28) (29) . In our study, the patients generally stayed in the supine position during HD, and we measured IOP after the patients had been in the sitting position for a while. IOP increases with water ingestion and decreases with fasting, so the total body fluid volume is important in IOP measurement (30) (31) (32) (33) . HD patients experience increased water load before HD, restricted water ingestion during HD, and decreased water load after HD. Although we did not find a significant correlation between IOP and body fluid loss, we believe that changes in body fluid volume and the positioning of the patients may have affected our IOP results.
The concentration of aqueous humor, a kind of extracellular fluid, can be affected by blood fluid volume changes after HD. Evaluating anterior chamber parameters is important when defining ocular pharmacokinetics, aqueous humor dynamics, and the pathophysiologies of primary open-angle glaucoma, angle-closure glaucoma, and pigmentary glaucoma. Anterior chamber parameters are also cru cial in intraocular lens measurement, piggyback and phakic intraocular lens implantation, and cataract surgeries (34, 35) . The timing of preoperative measurements, phakic intraocular lens implantation, and cataract surgeries in HD patients is important. Therefore, it is crucial to define anterior segment morphometry changes in these patients and, if there are changes, to evaluate the most appropriate time for preoperative measurements and surgeries.
ACD changes during HD have also been investigated in previous studies (24, 25) . In a study researching the ocular effects of acetate HD, ACD was found to decrease after acetate HD, whereas it did not change after bicarbonate HD (24) . The authors of the study suggested that the explanation for these findings may be similar to that for dialysis disequilibrium syndrome: As urea is removed from the intracellular compartment, idiogenic osmoles may be generated, resulting in a lower intraocular pH, which may in turn have a local effect on the formation of aqueous humor (24) . Acetate HD may result in a longer period of acidosis. On the other hand, bicarbonate HD, which is associated with a steady rise in blood pH levels, may more rapidly correct the intraocular acidosis, thus permitting normal aqueous dynamics to proceed (24) . In another study, Gracitelli et al. (25) investigated ACD and axial length changes after bicarbonate HD, reporting that ACD decreased and axial length did not change after HD. However, an ultrasonic biometer was used in both of these studies, and measurements taken using these devices can be inaccurate because of numerous factors, such as corneal impression, excess fluid on the probe, and a thick layer of tear film (36, 37) . ACD is the distance between the corneal epithelium and the lens, and may be misinterpreted in HD patients as resulting from CCT changes. Therefore, in the present study, we measured ACD with a 3D rotating Schleimpflug topography system, which allows rapid, non-contact anterior segment evaluation. Despite changes in CCT, the ACD values did not change after bicarbonate HD. AQD was also measured, and is defined as the distance between the corneal endothelium and the lens. After eliminating the effects of the CCT changes, the AQD values did not show a significant change after HD. The other anterior chamber parameters, ACV and ACA in the nasal and temporal quadrants, were also similar to the control measurements after HD.
Our study has some limitations. The first limitation is the difference between the timing of the systemic and ocular measurements. The systemic parameters were measured immediately before and after HD, whereas IOP and the anterior segment parameters were measured 30 minutes before and 30 minutes after HD. During this 30 minutes, the patients were transferred to another room for ophthalmologic examination, and it is unclear if the systemic parameters changed over this period. The second limitation is that we did not perform a visual field test or optical coherence tomography to exclude glaucoma; further, we did not perform gonioscopy, and the anterior segment angle was evaluated with the Sirius device only. The third limitation is that we did not use a cataract grading system for the cataract evaluation, so mild cataracts could have been included in the study, which could have resulted in inaccurate measurements of the anterior segment parameters. Other limitations are that the ocular parameters were not measured during HD, OPP was not measured, systemic medication use was allowed, and we did not include a control group.
In conclusion, we found that HD treatment has significant effects on uncorrected and corrected IOP, CCT, and CV. HD likely causes underestimation of IOP and corneal morphometry changes, and these changes may be important when planning corneal or lenticular surgeries in HD patients.
